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1 FTPC ContatsFTPC Hardware/Ops: Alexei Lebedev, BNL.Contat information: (631)-344-3101 (OÆe)FTPC Homepage at BNL: http://drupal.star.bnl.gov/STAR/subsys/ftpAess to FTPC Computers at BNL:Janet Seyboth, MPITerry Tarnowsky,Mihigan State UniversityAsk about username/password for STAR proteted area or o�ine database browser.

1



2 Before Run/Start of Run2.1 Database Initialization before a New RHIC Run PeriodThe STAR o�ine database is a MySQL database [2℄. It ontains all the time-dependent parameters needed for reonstrution. The top-level struture is the do-main. The two revelent domains for the FTPC are Calibrations ftp and Geome-try ftp. Eah domain ontains timestamped[3℄ table entries. The MySQL times-tamps are in GMT. Eah table has a header struture and a data struture whihontains data �elds. The data struture is de�ned by an idl �le. The idl �les are inthe STAR program library branh StDb/idl.Before a new run period starts, new ftpAmpSlope, ftpCoordTrans and ftpGastables must be entered into the Calibrations ftp database with the "initial" times-tamp for the upoming run year whih Jerome announes before a new run yearstarts.The ftpAmpSlope table must ontain the 'perfet' gain table. In 'perfet' gain tableall entries = 1.0.In the ftpCoordTrans table the observedVertexO�setX and observedVertexO�setYdata �elds must be set to 0.In the ftpGas table the following data �elds set:temperatureDi�erene = adjustAverageWest = adjustAverageEast = 0.0defaultTemperatureWest = defaultTemperatureEast = 25.0perentAr = perentCO2 = 50.0
2



The instrutions for initializing these database tables are in Appendix A.2.2 Gain SanThe purpose of a gain san is to verify the best operating voltage for the FTPCanodes. This should be done at the start of yearly data taking. The FTPC QAhistograms for luster harge, max ADC, trak residuals, and multipliity are theprimary soures of information.In the harge and max ADC plots, if the gain voltage is too high these distribu-tions will show deviations from their Landau-like behavior.The reonstruted multipliity versus gain voltage should demonstrate a rapid risefollowed by a plateau above some saturation voltage. This plateau has NOT beenseen, so the primary fator in deiding the gain voltage is one at whih the eletroniintegrity of the FTPCs are not ompromised. In other words, use a safe operatingvoltage. A gain san from 1750-1850 V should over an appropriate range.Reonstrut �500 events for eah gain san voltage setting using the standard re-onstrution hain [4℄ plus the "fgain" option. When the "fgain" option is used, thespeial set of Ftp hit and trak histograms used to evaluate the Ftp gain san runsare reated and �lled. These histograms will be inluded in the *.hist.root output �leand an be onverted to a *.ps �le with the 'bfread hist to ps.C' [7℄ maro.Modi�ation to the anode voltages may be neessitated by hanges in RHIC en-3



ergy or luminosity.Anode voltages for previous runs:� 2001 Au+Au, 200 GeV: 1825 V (after a grounding problem was �xed, the volt-age was lowered in subsequent years due to improved gain at a lower voltage.)� 2003d+Au, 200 GeV:Days 1-50, 1800 V.Days 51-87, 1760 W, 1750 E.pp, 200 GeV:Day 88-End, 1800 V.� 2004Au+Au, 200 GeV:1775 V ! 1800 V.??Starting 2/20/04, 1760 W, 1750 E.Au+Au, 62.4 GeV:Day 70-92, 1760 W, 1750 E.Day 92-End, 1800 V.pp, 200 GeV:1800 V. 4



� 2005Cu+Cu, 200 GeV:Starting 1/12/05, 1800 V ! 1775 V on 1/27/05.Cu+Cu, 62.4 GeV:1775 V.Cu+Cu, 22 GeV:1775 V.pp, 200 & 400 GeV:1775 V.� 2006pp, 200 GeV:Starting 1/03/06, 1775 W, 1775 Epp, 62 GeV:Starting 6/06/06, 1775 W, 1775 E� 2007 ??� 2008 ??� 2009 ??2.3 Database Updates One Run StartsFor physis runs, the 'uSeondsPerTimebin' value (used in StFtpClusterMaker for�nding lusters) is normally alulated from the RHIC lok. If no RHIC lok value is5



available for a run, the default value is taken from the Calibrations ftp/ftpEletronisdatabase table.Whenever the RHIC lok hanges for physis running (this an happen wheneither the beam energy or the beam speies hanges), realulate the 'uSeondsPer-Timebin' value and enter the new value into Calibrations ftp/ftpEletronis [6℄.3 During/After Run3.1 Slow Control ArhiveThe Slow Control Arhives are behind the starp �rewall. They an ONLY be aessedfrom a omputer in the starp domain.FTPC operational information is stored in the slow ontrol arhive. This is a-essible from http://www.star.bnl.gov ! Experiment ! Subsystems ! FTPC! Slow Control ! FTPC Slow Control Monitor . This information an be viewedgraphially or as a spreadsheet. Text information is also stored in the o�ine database,aessible from http://www.star.bnl.gov ! Computing! DB Browsing Interfae! STAR DB Browser ! Calibrations! Calibrations ftp.Espeially important quantities are FTPC extra temperatures and the anode or ath-ode voltages. Various FTPC problems an often be traed to malfuntions that man-ifest as disontinuities in these quantities. The best way to hek this is to examinethem graphially from the Slow Control arhive.
6



At the onlusion of physis running (but before data reonstrution begins), theentire run should be examined for disrepanies that may have been missed. FTPCtemperatures are a priority beause inorret temperature readings ause lusters tobe reonstruted in the wrong positions, making the data useless. Temperature prob-lems in the o�ine QA manifest as a shift in the radial step and/or an irregularity inthe hargestep.Starting in Y2006, the FTPC average gas temperatures are alulated from the extratemperatures only; the body temperatures are no longer used. There are 7 usablereadings for FTPC East and 6 for FTPC West.Other values to hek inlude anode and athode voltages for the entire run.The information for the gas system is stored in the o�ine database in Calibra-tions ftp/ftpGas. Whenever the value for any of the ftpGas table data �eldshanges, a new time-stamped table entry must be added to the database [6℄.3.2 Laser CalibrationThe FTPC laser system is integral for heking the gas omposition and �!Ex�!B or-retions. A hange in laser t0 may also be deteted (laser and data t0's are di�erent).The gas omposition for the FTPC is kept at a 50%-50% mixture of Ar and CO2.There are a maximum of 15 laser traks per FTPC, 5 eah in three laser setors. Thelaser setors orrespond to FTPC hardware setors 2, 4, and 6. In eah setor are 3straight traks that run parallel to the beam pipe, at a spei� radius, and 2 inlined(diagonal) traks. The measured radial positions of the 3 straight traks are 11.917



m, 19.55 m, and 28.56 m from the beam line. Related diagrams an be found athttp://www.star.bnl.gov ! Experiment! Subsystems ! FTPC ! Calibrations! Laser System.If the gas omposition has hanged dramatially and permanently, see the setionregarding the \DriftMapMaker" for further information.Laser runs are taken every few days during the run, or as needed. One a run istaken, several hundred events (�200 minimum) from the *.daq �le should be pro-essed through bf.C using the hain options in [8℄. A �le alled debug.ini [9℄ mustbe present for laser analysis. A sample debug.ini �le is loated in$STAR/StRoot/StFtpCalibMaker/examples. Additionally, other parameters thanthose neessary for data �les are used. For example, a 'perfet' gain table is used, nogas temperature adjustments are applied and LaserTraking is used. These settingsare automatially used when the aser option is inluded in the bf [1℄.This will produe several root �les, inluding a \*laser test.root" �le, unless the out-put �lename is hanged in \debug.ini". The \*laser test.root" �le is used in the nextstep as the input for StFtpCalibMaker.The maros in StFtpCalibMaker analyze the laser �le produed by the hain usedin the bf.C maro with the laser ('aser') and debug ('fdbg') options enabled. Thesemaros an be run by adding $(STAR)/StRoot/StFtpCalibMaker/maros tothe Root.MaroPath: in your .rootr �le.8



StFtpCalibMaker plots the results from the 'bf.C' hain, but inludes orretionsfor temperature, pressure, lok frequeny, and magneti �eld.The two maros 'lasertest single.C' and 'lasertest.C' analyze the \*laser test.root" �lewith the appropriate orretions and output several other �les. The ommand lineparameters for these maros are:� FTPC (1, FTPC W; 2, FTPC E),� Laser setor (1, 2, or 3),� Traks, (0 - inline 1, 1 - straight, 2 - inline 2, 3 - all),� Gaussian �t (0 or 1),� �t0 (� 0.1, 0.2, �s)� �gas (or �g) ( 0.1, 0.2, % gas, ex. 0.1 = 50.1% Ar, 49.9% CO2)� �Temperature (or �T) (default = 0)� B-Field (-1, 0, +1)The only di�erene between the two maros is that 'lasertest single.C' only runs overone user de�ned seletion of �t0 and �g, whereas 'lasertest.C' iterates through manyvalues and outputs results for eah seletion (this range an be user de�ned in theode).The output from the \lasertest*.C" maros inludes an additional root �le, a log�le with residuals and trak positions, and a postsript (ps) �le ontaining severalhistograms plotted from the root �le. These �les are labeled with the partiular �t09



Figure 1: Page 1, lokwise from upper left: Laser ADC vs. radial position in theFTPC; # hits on trak; Phi position; Laser radial position vs. z-position.and �g values used. The most important plots in the ps �le are on the �rst, seond,and third pages. They inlude:Figures 1, 2, and 3 are from 2004 AuAu, run 5006004 with no hange in �t0 and�g (in reality, a hange of 0.00001 in �g).The straight beams are used to hek the gas omposition, temperature orretionsand the laser t0. Sine the inner beam has the longest drift distane, it will be morea�eted by hanges to the gas omposition and temperature orretions. Conversely,10



Figure 2: Page 2, lokwise from upper left: x, y, phi, and r laser trak residuals
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Figure 3: Page 3, lokwise from upper left: r, phi, y, and x laser trak residuals vs.radius
12



the outer beam will not be as a�eted by the gas omposition, but will be inuenedmore by hanges to the laser t0 [12℄. Ideally, the positions of the straight traks willagree (or be lose to) the theoretial positions with no hange in either �t0 or �g. Ifthat is not the ase, iterating through various values of �t0 and �g is required. If thestraight beams are found to be in the proper loation after any hanges greater than� 0.5, this is probably in error, or a serious problem exists with the gas regulation oreletronis timing.A maro alled 'laser 2d pos.C' uses the log �les ontaining residuals and trakpositions from 'lasertest.C'. All the log �les should be ombined into one �le ('at'ommand), and used with this maro. The maro will produe a 2-D histogram of�t0 vs. �g for all three straight traks [options (\d",\olz")℄, with olors representingthe di�erene between the theoretial positions and the measured positions (Figure4). Ideally, the smallest di�erene lies at, or lose to, (0,0), or less than � 0.1 awayfrom that point.Additional doumentation about these and other maros from \StFtpCalibMaker"an be found at http://www.star.bnl.gov/publi/ftp/Software/Calibration/StFtpCalibMaker.htmlThe residuals of the inlined traks are used to hek the �!Ex�!B orretions. If the�!Ex�!B orretions are aurate, the residuals vs. radius (Figure 3) for the inlinedtraks should be relatively straight, and entered around zero. Drawing a vertial linefrom zero should interset the residual range for all hit points. If the applied �t0 and�g values are orret, the residuals should be at a minimum value when omparedto other settings.
13



Figure 4: Di�erene between theoretial and reonstruted radial positions for the 3straight laser traks as a funtion of �t0 and �g
14



From year-to-year the laser intensity has been delining. At lower intensities, utu-ations will inrease and the residuals beome worse. This an be seen in the plots of2003 d-Au, 2004 Au-Au, and 2005 Cu-Cu (http://www.star.bnl.gov/proteted/ftp/tjt/Laser_Runs_Over_the_Years/) and 2006 pp, 2007 Au-Au, 2008 d-Au(http://www.star.bnl.gov/proteted/ftp/js/Laser_Runs_Over_the_Years/).Remember, data and laser t0's are not the same. One annot use laser data todetermine if the data t0 has hanged.3.3 DAQ MaskThe DAQ expert (Tonko) may ask for a masking �le to disable noisy eletronis. Thisis produed in a similar fashion to the gain tables, using the \GetGain" program (see\Gain Tables"), exept the masking �le is reated from the maro 'WriteDaqFlagg.C'.The onern with utilizing a DAQ mask is that noisy eletronis have been knownto �x themselves. It may also be possible to �nd useable lusters in these areas,regardless of the noise. This should be studied in the future. When these pads aremasked out by DAQ, they appear in the FTPC QA plots as dead regions, so there isno way to ensure that they are still \bad" without removing the mask.A representation of the FTPC DAQ mapping an be seen in Figure 5. A similargraphi (Figure 6) shows the FTPC RDO (readout board) numbering.
15



Figure 5: FTPC DAQ Pad Numbering Sheme
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Figure 6: FTPC RDO Numbering Sheme
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3.4 Gain TablesDead and noisy eletronis redue FTPC traking eÆieny. Dead areas an be or-reted with eÆieny results from embedding, but noisy eletronis an ause prob-lems when reonstruting data. The solution is to mask out these noisy eletronisafter data taking, but before data reonstrution. This is aomplished using a gaintable. The gain table multiplies eah pad by a alulated gain fator. If a pad exeedsa user de�ned noise ut, the gain fator is set to 0 and the noisy pad is now a \dead"region.Beause the perentage of bad FTPC eletronis hanges over the ourse of a run, itis probable that multiple gain tables will be required. Changes in either FTPC thatwould neessitate a new gain table inlude, but are not limited to:� Loss of an RDO board.� Many new and persistent dead/noisy regions.Creation of a gain table requires three steps. The requisite programs [5℄ are:� GetGain (input is a pulser *.daq �le)� FindNoise (input is a data *.daq �le)� WriteAmpSlope.CAll programs are part of the FTPC online software library, whih is loated on virgo-run09.starp. When you login as 'ftprew' the FTPC online library enviroment willautomatially be set up for you. 18



With the advent of DAQ1000, the RTS (Real Time System) library has been movedto the STAR program library in StRoot/RTS. Sine then all FTPC online libraryprograms an be run on the ras mahines. It is no longer neessary to opy *.daq�les from the ras disks to the virgo-run09 disk.\GetGain" reads the pulser daq �le and reates \Gain.root", and \Gain.ps" in yourworking diretory, \GainTable.dat" in the \gain table" subdiretory. \FindNoise"uses the \GainTable.dat" �le and implements a noise ut to mask the bad eletron-is. It reates the �les \NoiseCorreted Gaintable.dat" in the \gain table" diretory,and \NoiseFinder.ps" in the working diretory. The �rst time running FindNoiseshould be done without a noise ut. The noise ut is deided by looking through the�rst 20 pages of the NoiseFinder.ps �le and hoosing a ut that is a several ountsabove the signal, but that e�etively eliminates most noisy hannels. One the hoieof noise uts is made, one an rerun FindNoise with the ut implemented (-Exxx-Wyyy; xxx, yyy (ex. xxx = 200) an be same or di�erent uts, but for symmetriollisions systems and similar FTPC gain voltage, they will be the same.) The sig-nal will hange depending on ollision system or energy, so the noise ut should bedetermined again if either hanges. As mentioned previously, it should be studied ifnoisy areas yield good lusters. If there is no negative a�et, or even a net positivea�et from not removing noisy eletronis, prodution using gain tables withouta noise ut may be an option.WriteAmpSlope.C reads the NoiseFinder GainTable.dat as input and writesout ftpAmpSlope.C. This is the �le that is uploaded to the database. It must be19



named ftpAmpSlope.C [6℄.3.5 Rotation CalibrationThe 2 FTPCs use traks to independently reonstrut the primary vertex. TheseFTPC verties will not be idential to the TPC vertex due to several fators. Fa-tors inlude hanges in t0 (a�ets z-vertex omponent), the long lever arm of FTPCtraks to the primary vertex, and a slight physial shift (or rotation) about the FTPCmounting points. This slight shift is exaerbated by the long lever arm when projet-ing traks to the primary vertex, resulting in an o�set of several millimeters in thetransverse (x, y) plane. This o�set needs to be orreted to ensure that the FTPCand TPC verties math as losely as possible.To asertain the o�set values, several thousand events (�10,000) from test produtiondata, should be examined. This test prodution an be obtained by asking JeromeLauret and Lidia Didenko. One the �les are in plae, the QA histogram (found inthe *.hist.root �les, EventQA) STEMBQaVtxFTPCE[or W℄TpXY should bedrawn. The *.hist.root �les an be added together with the maro bfread hist �les add.C[7℄. The input for this maro is a text �le that lists all the *.hist.root �les to be added.Redireting the output of an \ls" of all the *.hist.root �les to a text �le will reatethe input �le. Other ommand line parameters an be found in the header of themaro itself [7℄.There are two vertex histograms, one for eah FTPC. Taking the x and y proje-tion of eah of these yields a 1-D histogram with a Gaussian pro�le that shows the x ory vertex hit distribution. The o�set is the mean of a Gaussian �t to these histograms.20



Due to some onfusion with the x, y oordinate de�nitions, the negative of both xvalues obtained from the Gaussian mean should be used in the database (eg. x! -x).One these values are in the database, the same events should be reprodued withthe newly implemented orretions. The Gaussian mean should be loser to 0, andunder 1 mm.In 2004 it was disovered that the reonstruted FTPC verties were di�erentfor various STAR magneti �eld settings. There appeared to be an almost indepen-dent, orthogonal shift in the vertex position for eah FTPC (one moved mostly inthe x-diretion, the other in the y-diretion). When the magneti �eld polarity wasreturned to its initial setting, the reonstruted FTPC verties almost, but not quite,returned to their initial values. This ould possibly be due to a small movement ofthe entire STAR detetor and magnet oils due to a hange in the fore vetor after apolarity ip. The TPC has reported a minor unexplained e�et that may be relatedto this issue.The solution was to perform this rotation alibration after every hange in the mag-neti �eld on�guration. Instead of one overall data sample, several were used, onefrom eah magneti �eld setting. These data samples are all produed with the rota-tion orretion o� (0, 0).This proedure must be done every time the FTPCs are removed and replaed fromthe detetor, and the result should be heked for the ase where the FTPCs are not21



Figure 7: The FTPC luster radial position (radial step) at � 7.8 m, the start ofthe inner volume of the FTPC.removed.3.6 FTPC Cluster Radial StepThe useable, inner volume of the FTPC begins at approximately 7.80 m from thebeam line. Therefore, good, reonstruted lusters should not be found at distanessmaller than 7.80 m. There are a small amount of bad lusters, either from eletronisnoise, beam bakground, or other soures, that are reonstruted below 7.80 m. At�7.80 m, there is a rapid rise in the luster ount, seen in Figure 7.Figure 7 is the FTPC radial step (also referred to as luster radial position). Thehalf height of the radial step should be at 7.80 m and both FTPCs should havethe radial step in the same position. Some leeway exists, the radial step may be at7.79 or 7.81 m (both FTPCs should trak together), but larger deviations indiatea problem. If the radial step is not at �7.80 m, the most likely ulprits are badtemperature measurements, or a hange in t0. A problem with the athode or anodevoltages an also ause a hange in the luster radial position. (The data in this �gure22



is from Run 8345052. 730 events were reonstruted using t0 = 2.73)Beause it is an important indiator of overall FTPC health, the radial step plotsare inluded in the QA histograms. When heking the position of the radial step,one should use a sample of several thousand events.If there is a deviation in the position of the radial step that both FTPCs share,the likely ulprit is a hange in t0. A t0 hange will manifest in any reprodued dataas a shift in the radial step position proportional to the hange in t0. Test data shouldbe examined for this possibility before real data prodution begins.If the radial step has shifted in a dissimilar fashion for one or both FTPCs, it islikely related to temperature readout or voltage problems. If there is a problem withthe voltages, it will be apparent from the QA �les or by heking the SC database.This type of problem is orreted during the run.If there is a temperature problem that does not a�et a large data sample, theseruns should be marked as unusable. If it a�ets a large portion of the data, it ispossible to enable a temperature o�set that \fudges" the position of the radial step.This is an option of last resort.3.7 t0The FTPC t0 is the time between the event trigger and the readout of the pads, initi-ated by disharge of apaitors in the swithed apaitor array, part of the FEE ards.23



Sine this ours when a signal reahes the readout eletronis, t0 is sensitive to thetotal drift time of harge in the detetor. There are two useful methods to hek thevalues of t0, both of whih are also related to the drift harateristis of the FTPC gas.The position of the FTPC radial step an be used to determine if there has beena hange in t0. If the FTPC temperatures are known to be operational and otherproblems an be ruled out, the deviation of the radial step from �7.80 m ould bedue to a hange of t0, if the radial step is shifted in the same fashion for both FTPCs.Sample data an be used to hek the urrent t0, and be used to test hanges to t0.This an be done with a loal opy of 'StarDb/ftp/ftpEletronis.C' and modify-ing 'StFtpClusterMaker.xx' to use this loal opy. Inreasing (dereasing) t0 willderease (inrease) the position of the radial step. To hek this hange arefully, �tthe radial step with a Gaussian and use the �t results to determine the shift.A seond method to hek the auray of the urrent t0 is the z position of the FTPCreonstruted verties wrt the TPC z-vertex. The di�erene between the FTPC ver-ties and the TPC vertex in the z-diretion should be 1 millimeter or less. This doesnot hold for data taken at zero �eld due to the lak of trak urvature, leading toa derease in reonstruted resolution.?? If both W and E FTPC z-verties aredisplaed from the TPC z-vertex, a hange in t0 is a likely explanation. Inreasing(dereasing) t0 will derease (inrease) the longitudinal position of the z-vertex fromeah FTPC.??The same t0 value should produe radial step and z-vertex positions within their24



expeted ranges. One should also onsult with the TPC alibration experts to aser-tain if they have notied a hange in their t0. Note that the TPC t0 is not the sameas that for the FTPC.Finally, a new ftpEletronis table with the new t0 value must be added to theCalibrations ftp o�ine database with the orret timestamp.3.8 FTPC Voltage StatusWhen an FTPC trips the anode voltage shuts o�. Sine the voltage doesn't go tozero immediately data may be taken with a bad voltage. This data should not bereonstruted.Jamie Dunlop wrote a perl sript (StRoot/StFtpCalibMaker/maros/GetHV.pl) whihgets the FTPC voltage status information from the Slow Control Arhive and writesit out in a �le named hvtransitions.txt. Dmitry Arkhipkin uses this �le to �ll theCalibrations ftp/ftpVoltageStatus table for us.The ftpVoltageStatus table has a time-stamped entry for statusEast and statusWestfor eah time the voltage status for FTPC East or West hanges. If the status =1, the voltage is good for data taking; if the status = 0, the voltage is not suÆientfor data taking. This table is heked for eah event in StFtpClusterMaker todetermine if the data for this event and FTPC West and/or FTPC East should bereonstruted.
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Figure 8: The time position of lusters at the outer radius of the FTPC as a funtion ofhardware setor. The a�et of the inner athode o�set is learly seen as an osillatorystruture in both FTPCs (0-30, FTPC W, 30-60, FTPC E) (Left panel). Afterorretions are applied, the magnitude of the osillations is redued (Right panel).3.9 Inner Cathode CorretionThe FTPC utilizes a ylindrial athode loated at the inner radius. This wouldideally be loated in the diret enter of the FTPC and provide perfet ylindrialsymmetry for the produed eletri �eld. However, due to slight mahining errors, theathode is not perfetly entered in the FTPC. This shift is on the order of 0.25 mm,but orresponds to a fator of 10 inrease at the outer radius, or 2 mm. Additionally,the detetor is sensitive enough that the e�et of gravity on the inner athode, whihauses a slight warping in the vertial diretion, is also notieable. The inner athodeo�set has two, sympatheti e�ets. It inreases (dereases) the eletri �eld in apartiular hemisphere, while simultaneously dereasing (inreasing) the drift distane,thereby a�eting the drift time. This e�et was seen as an osillatory struture inthe time position of the hargestep (Figure 8).26



The inner athode orretion was implemented for 2003 data, and was reexaminedin 2004 to attempt an improvement. There was no ompelling result that showed animprovement over the orretion already in plae. Though this is an overall smalla�et on the pT resolution (<�5%), it is possible that an improved orretion an befound. The requisite programs are loated in the STAR CVS repository in (still tobe determined).3.10 Online/O�ine QAQuality Assurane (QA) plots are the �rst step in verifying proper FTPC operationor troubleshooting problems that may arise.For eah new run year, a referene set of FTPC QA histograms should be reated forthe FastQA rew.For more information see the link to `Data Quality Assurane' on the FTPC home-page.3.11 Cluster Finder TuningThere are several luster �nding parameters that an be hanged to determine theoptimal setting for eah run. When looking for lusters, the FTPC luster �nder(StFtpClusterFinder) searhes for a signal in a window of a partiular pad lengthand time length. Adjustable parameters inlude:� minTimebin: Corresponds to the minimum time bin a luster from the innerpart of the detetor (longer drift time) an have.� minTimebinMed: Corresponds to the minimum time bin a luster from the27



middle part of the detetor (medium drift time) an have.� minTimebinOut: Corresponds to the minimum time bin a luster from the outerpart of the detetor (shorter drift time) an have.� maxTimelength: Corresponds to the maximum length (size) in time bins aluster from the inner part of the detetor an have.� maxTimelengthMed: Corresponds to the maximum length (size) in time bins aluster from the middle part of the detetor an have.� maxTimelengthOut: Corresponds to the maximum length (size) in time bins aluster from the outer part of the detetor an have.� maxPadlength: Same as maxTimelength, exept refers to size in pads.� maxPadlengthMed: Same as maxTimelengthMed, exept refers to size in pads.� maxPadlengthOut: Same as maxTimelengthOut, exept refers to size in pads.� deltaTime: Size of luster searh window in time bins.� deltaPad: Size of luster searh window in pads.� minChargeWindow: Minimum harge in the searh window required to onsidersignal a good luster.The primary goal of tuning these parameters is to maximize the number of hits ontrak while trying to redue the trak residuals. An estimate for reasonable valuesof the minChargeWindow an be aquired from the luster harge histograms basedon the loation of the peak. The max ADC histograms are additionally useful for28



troubleshooting, as they should retain a Landau-like distribution while testing thesetuned parameters. If they do not, then the tuned parameters are most likely poorhoies.The luster �nding (and trak �nding) parameters were originally tuned using d+Audata from Run 4. The deuteron side of the d+Au data is a good plae for hekingluster �nding. Due to the low multipliity on the d-side and good vertex �nding, onedoes not enounter trak-splitting problems to the extent that exist in pure heavy ionollisions.The luster �nder parameters are stored in the STAR MySQL o�ine database inGeometry ftp/ftpClusterGeom with beginTime="2004-10-01 00:00:00".Ideally, these parameters should be heked every year AFTER the FTPC alibra-tion has been ompleted. To hek if the luster and trak �nding parameters are stilloptimal, run the standard reonstrution hain on a physis daq �le. The "ftp hits"and the "ftp traks" histogram sets will be �lled and an be printed out with thebfread hist to ps.C maro [7℄. If there are any signs of trouble in either the MaxAdor harge histograms in "ftp hits" the luster �nding parameters should be re-tuned.These 2 sets of histograms should be saved for referene.Consult Appendix E for detailed instrutions on how to tune the luster �ndingparameters.
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3.12 Trak Finder TuningThere are several trak �nding parameters that an be hanged to determine the op-timal setting for eah run. Both luster and trak �nding are done in the loal FTPCoordinate system, whih is ultimately transformed into the global STAR oordinatesystem (via the TPC oordinate system). The FTPC traking is done starting fromthe outer pad plane (farthest from the primary vertex). When a hit is found on a padplane, the traker looks to the next pad plane for a hit within a de�ned window. Thetraker iterates through these hits and others on subsequent pad planes until eitherthe trak is terminated or the residuals of the �t are minimized ??. One possibilityto improve traking is to restrit this searh window.All FTPC global traks are also primary traks beause no da ut is used in re-onstrution.There are 4 de�ned FTPC traking types:1. Main Vertex Traking: Uses the primary event vertex as another point on allfound traks. These are not automatially primary traks. The resultant trakda from the global momentum �t determines whether the trak omes fromthe primary vertex.2. Non-Vertex Traking (Free Traking): Does not use the primary event vertex.3. No Field Traking: Traking of straight traks from the primary vertex (B =0).4. Laser Traking: Optimized for laser analysis.30



Traking for real data is aomplished via \Two Cyle Traking", whih uses the\Main Vertex Traking", followed by \Free Traking" on hits not agged by the\Main Vertex Traking".Adjustable parameters inlude:� maxVertexPosZWarning (m): If z-vertex position exeeds this value, a warningis issued.� maxVertexPosZError (m): If z-vertex position exeeds this value, traking isnot done.� maxTrakletLength: Maximum length of traklets, in terms of hits on trak.The traker reates the traklets, then propagates them to real traks.� minTrakLength: Minimum length of a omplete trak, in terms of hits ontrak. For any worthwhile momentum resolution, the FTPC needs at least 5hits on trak.� rowSopeTraklet: Desribes the searh window for the next point on a traklet,in terms of suessive padrows.� rowSopeTrak: Same as above, exept for omplete traks.� phiSope: Desribes the searh window for the next point in terms of ontiguousphi segments.� etaSope: Same as above, in terms of ontiguous eta segments.
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� maxDCA: Max DCA of traks from the primary vertex. This value is urrentlyset to 100 m, meaning every trak inorporates the primary vertex. Vertexuts are made in o�ine analysis.� maxAngleTraklet: Maximum angle between two hits on a traklet.� maxAngleTrak: Maximum angle between two hits on a trak.� maxCirleDist: Maximum distane of a new hit ompared to the �t (1/r) forthat trak.� maxLengthDist: Maximum linear distane of a new hit ompared to the �t forthat trak.Additionally, there are three adjustable parameters for split traks:� maxDist: Maximum distane of a new hit ompared to the �t for that trak.� minPointRatio: Minimum # of hits on trakPossible # of hits on trak . Currently same as \maxPointRatio",0.5 (5/10).� maxPointRatio: Maximum # of hits on trakPossible # of hits on trak . Currently same as 'minPointRatio',0.5 (5/10).These adjustable trak parameters are alled ode parameters. Code parame-ters are the parameters used by the Maker algorithms. They are onsidered time-independent. All ode parameters are stored in the STAR CVS repository in theStarDb branh; the FTPC trak �nder ode parameters in StarDb/ftp/ftpTrakingPars.C.Before starting to tune the parameters, reate a baseline set of the ftp trakshistograms. Then onsult Appendix E for detailed instrutions.32



3.13 FTPC DriftMapMakerThe StFtpDriftMapMaker software alulates the FTPC eletron drift maps for theseleted gas omposition and magneti �eld setting. Ideally the FTPC gas ow shouldbe regulated to 50% Ar- 50% CO2. If the inner laser beams annot be reonstrutedat the orret loation,this may be due to either the gas temperature or the gas om-position. If there is a major, permanent hange in the gas omposition, the driftmaps for the new gas omposition must be alulated. To alulate a set of driftmaps for gas ompsitions other than 50%Ar-50%CO2 or 50.3%Ar-49.7%CO2 [10℄ runthe FtpDriftMapMaker.C maro (see Appendix B).After the drift maps are alulated for the new gas omposition, they must be testedby re-doing the laser analysis to hek the reonstruted position of the inner laserbeams and by reonstruting a physis run to hek the radial step position for bothFTPCW and FTPCE. See Appendix C for detailed instrutions on how to run thelaser analysis using a "loal" opy of the drift maps.One the drift maps for the new gas ompostion has been suessfully tested, StFt-pDriftMapMaker must be run for eah of the 5 possible magneti �eld settings toprodue a omplete set of drift maps. This omplete set must then be uploaded intothe MySQL o�ine database [6℄3.14 EmbeddingEmbedding is required to determine the trak �nding eÆieny of the FTPC due tothe limitations of the traking algorithm, eletronis losses, and the �nite aeptane33



of the detetor. To alulate this orretion, data is reated that ontains both realtraks and embedded Monte Carlo traks. This data is then proessed through theFTPC data prodution software and an assoiation an be made between the num-ber of found Monte Carlo traks and the total number embedded. This provides anestimate of the trak �nding eÆieny.The FTPCmakes use of the \SlowSimulator" (\$STAR/StRoot/StFtpSlowSimMaker")software during embedding to reate these simulated traks. One adjustable quan-tity is the \GasGain", whose optimum setting should be determined from omparingthe di�erene between the Charge and MaxADC distributions for lusters-on-trak inreal versus simulated data. There is a web page with information on the \Gas-Gain" at, http://www.star.bnl.gov/publi/ftp/Calibrations/simulations/simulations.htmlThe Assoiation Maker does assoiations between embedded and subsequently foundMC traks.OÆial embedding requests should be made through appropriate PWG onveners.The Embedding Coordinator is in harge of the atual running of embedding jobs.See http://drupal.star.bnl.gov/STAR/omp/org/embedding-struture for moreinformation.
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AppendiesA Initializing FTPC Database TablesThe FTPC database maros are loated in $STAR/StRoot/StFtpCalibMaker/maros.These maros an be run when $(STAR)/StRoot/StFtpCalibMaker/marosis in the Root.MaroPath: of your .rootr �le.On an ras mahinestardevmkdir Workd Worksetenv DB ACCESS MODE readCopy the perfet gain table to your working diretoryp /afs/rhi.bnl.gov/star/users/js/publi/PerfetGainTable/ftpAmpSlope.C .Download the newest ftpCoordTrans table to your working diretory (yyyy-mm-ddis today's date)root4star -b -q 'Db ReadTable.C("Calibrations ftp","ftpCoordTrans","yyyy-mm-dd 00:00:00")root4star -b -q 'Db ReadTable.C("Calibrations ftp","ftpGas","yyyy-mm-dd 00:00:00")Edit ftpCoordTrans.C so thatrow.observedVertexO�setX[0℄ = 0; // [0℄ = east, [1℄ = west ;row.observedVertexO�setX[1℄ = 0;row.observedVertexO�setY[0℄ = 0; // [0℄ = east, [1℄ = west ;35



row.observedVertexO�setY[1℄ = 0;Edit ftpGas.C so thatrow.perentAr = 50;row.perentCO2 = 50;row.defaultTemperatureWest = 25.5;row.defaultTemperatureEast = 25.5;row.adjustAverageWest = 0.0;row.adjustAverageEast = 0.0;After the tables are edited, they should be uploaded bak into the MySQL Databasewhere yyyy-mm-dd hh:mm:ss is the timestamp Jerome has announed for the newrun year.setenv DB ACCESS MODE writeroot4star -b -q 'Db LoadTable.C("Calibrations ftp","ftpAmpSlope","yyyy-mm-dd hh:mm:ss")root4star -b -q 'Db LoadTable.C("Calibrations ftp","ftpCoordTrans","yyyy-mm-dd hh:mm:ss")root4star -b -q 'Db LoadTable.C("Calibrations ftp","ftpGas","yyyy-mm-dd hh:mm:ss")Only users who have been granted permission an upload tables to the database.
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B Calulating New Drift Map TablesDrift maps are produed by the StFtpDriftMapMaker using the FtpDriftMap-Maker.C maro. To run StFtpDriftMapMaker (for example for the 49.7:50.3 Ar:CO2gas omposition):stardevmkdir Workd Workln -s StRoot/StFtpDriftMapMaker/maros/FtpDriftMapMaker.C FtpDriftMap-Maker.Cnohup root4star -b -q 'FtpDriftMapMaker.C(2,1.0,-0.3)' & 47.3Ar.LOG &where:root4star -b -q 'FtpDriftMapMaker.C(map,fator,deltaAr)'map selet magneti �eld values Default: = 2= 1 use onstant �eld values= 2 use mapped �eld valuesfator �eld saling fator Default: = 1.0 (full �eld positive)> 0.8 full �eld positive (FF)< 0.8 && > 0.2 half �eld positive (HF)< 0.2 && > -0.2 zero �eld (ZF)> -0.8 half �eld negative (RHF)< -0.8 full �eld negative (RFF)deltaAr the hange (+/-) in the perentage of Ar from 50%37



FtpDriftMapMaker.C may take more than 20 minutes to run. Upon ompletion,it will write out the set of 6 drift map tables for the seleted gas omposition:ftpEField.CftpDriftField.CftpDeetion.CftpVDrift.CftpdDeetiondP.CSine the drift map tables always have the same name, you should reate a sub-diretory for eah gas omposition and store the tables in the appropriate sub-diretory.
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C Testing New Drift Map TablesTo test a new set of drift map tables both reonstrution and laser analysis must berun.On an interative ras mahine:stardevmkdir Workd Workvs o StarDb/ftpCopy the ftpDeetion.C,ftpVDrift.C,ftpdDeetiondP.C,ftpdVDriftdP.C drift map�les for the gas omposition+magneti �eld ombination [10℄ to be tested to StarDb/ftpFor example: To test the 50.3% Ar:49.7% CO2 gas omposition with a full �eld pos-itive run opy the �les from/afs/rhi.bnl.gov/star/users/js/publi/Drift Maps 10kV 50.3 49.7 25.5C/FullFieldPositiveChek out StRoot/StFtpCalibMaker and StRoot/StFtpClusterMakervs o StRoot/StFtpCalibMakervs o StRoot/StFtpClusterMakerOpen StRoot/StFtpCalibMaker/StFtpCalibMaker.xx with an editor. Searh forall ourrenes of USE LOCAL DRIFTMAP and follow the instrutions.Then in StRoot/StFtpCalibMaker/maros edit lasertest single.C,lasertest.C and gasTemp.C:hangeonst har *paramsDB = "$STAR/StarDb";39



to//onst har *paramsDB = "$STAR/StarDb";and hange//onst har *paramsDB = "$PWD/StarDb";toonst har *paramsDB = "$PWD/StarDb";Open StRoot/StFtpClusterMaker/StFtpClusterMaker.xx with an editor. Searhfor all ourrenes of USE LOCAL DRIFTMAP and follow the instrutions.Make the new StFtpCalibMaker and StFtpClusterMaker libraries:onsCreate links to editted maros:ln -s StRoot/StFtpCalibMaker/maros/lasertest single.C lasertest single.Cln -s StRoot/StFtpCalibMaker/maros/lasertest.C lasertest.Cln -s StRoot/StFtpCalibMaker/maros/gasTemp.C gasTemp.CCopy the debug.ini �le into your diretory:p $STAR/StRoot/StFtpCalibMaker/examples/debug.ini .Rerun the laser reonstrution to produe the root �le used by the StFtpCalibMakermaroswith the drift maps for the new gas omposition.Run the laser analysis to hek the reonstruted position of the inner parallel laser.Reonstrut a physis run to hek the radial step positions.40



D Analyzing Laser RunsThe following instrutions use laser run 10166040, daq �le st laser 10166040 raw 5060001.daqas an example. It is reommended to always rediret output and error messages to alog �le.mkdir WORKd WORKstardevp $STAR/StRoot/StFtpCalibMaker/examples/debug.ini .STEP 1 Reonstrut laser runReonstrut 200 laser events with the ftp hain: (From run 10166040 for exam-ple)root4star -b -q 'bf.C(200,"aser fdbg ftp db globT detDb tpDb dbutil in dst event","/star/data03/daq/2009/166/10166040/st laser 10166040 raw 5060001.daq")'This will produe the �le run 10166040 laser test.root whih is the input �le for theStFtpCalibMaker maros.The StFtpCalibMaker maros are explained inhttp://www.star.bnl.gov/publi/ftp/Software/Calibration/StFtpCalibMaker.htmlSTEP 2 Chose the "best" laser setorRun the StFtpCalibMaker maro lasertest single.C for all 3 laser setors for both41



Ftp West and Ftp Eastroot4star -b -q 'lasertest single.C("run 10166040 laser test",1,1,3,1,"0","0",0,1)'root4star -b -q 'lasertest single.C("run 10166040 laser test",1,2,3,1,"0","0",0,1)'root4star -b -q 'lasertest single.C("run 10166040 laser test",1,3,3,1,"0","0",0,1)'root4star -b -q 'lasertest single.C("run 10166040 laser test",2,1,3,1,"0","0",0,1)'root4star -b -q 'lasertest single.C("run 10166040 laser test",2,2,3,1,"0","0",0,1)'root4star -b -q 'lasertest single.C("run 10166040 laser test",2,3,3,1,"0","0",0,1)'Eah job produes 6 output �les. Use the "radz" histogram (Lower Left) on page1 of the *.ps output �les to selet the setor for both Ftp West and Ftp East withthe "best" lasers: Ideally there are 5 laser beams/setor: 3 straight lasers parallel tothe beam and 2 inlined lasers.For Run 10166040, laser setor 2 has the "best" lasers for both Ftp West and FtpEast. In Ftp West laser setor 2, three straight lasers and one inlined laser arereonstruted. In Ftp West laser setor 2, two straight lasers and two inlined lasersare reonstruted.STEP 3 Chek laser t0The next step in the laser analysis is to hek the laser t0. To do this run thelasertest single.C maro for the straight lasers for the seleted laser setor:root4star -b -q 'lasertest single.C("run 10166040 laser test",1,2,1,1,"0","0",0,1)'root4star -b -q 'lasertest single.C("run 10166040 laser test",2,2,1,1,"0","0",0,1)'The laser t0 is orret when the the outer laser beam reonstruts at the surveyed42



position. The laser beam surveyed positions are doumented in "Measured Positionsof the FTPC Laser Beams" athttp://www.star.bnl.gov/publi/ftp/Calibrations/laser/laser.html!mea-sured positions.The histogram "radpol l3" (LL on page 5 of the *.ps �les)run 10166040 laser test-pos w lse 2 g dt0 dg0 dT0.psrun 10166040 laser test-pos w lse 2 g dt0 dg0 dT0.psshows the reonstruted position. If the reonstruted and the surveyed positions arethe same, proeed to STEP 4 with the lasertest single.C *.ps �les.If the outer straight laser does not reonstrut to the surveyed position, either thelaser t0 or the gas omposition is wrong. Run the lasertest.C maro with delta t0= delta gas = delta Temperature = 0 to step over a range of laser t0 vs. gas om-position values. Then run the laser 2d pos.C maro to draw the 2-D t0 vs. gashistograms. The orret t0 - gas ombination an be read from the LL histogram"Laser III (...,...);nominal 28.51 m - reonstruted position". (Tip: the histogramis easiest to read when displayed full-sreen and magnifyed on a omputer terminal)Determine the value of delta t0 needed to move t0 to 0. Rerun the lasertest.C marowith delta t0=determined value, delta gas = delta Temperature = 0. Then rerunlaser 2d pos.C maro. It may be neessary to repeat this proess several times beforethe outer laser beam is reontruted at the surveyed position. When a new lasert0 is determined it should be entered into the MySQL o�ine data base in the Cali-brations ftp/ftpEletronis table "laserTZero" �eld. The lasertest single.C marosmust be rerun with delta t0=new laser t0.43



STEP 4 Chek gas Temperature and gas CompositionIf the gas temperature and the gas ompostion are orret the inner straight laserbeam will reonstrut to the surveyed position. The histogram "radpol l1" (UL onpage 5 of the *.ps �les)run 10166040 laser test-pos w lse 2 g dt0 dg0 dT0.psrun 10166040 laser test-pos w lse 2 g dt0 dg0 dT0.psshows the reonstruted position. If the reonstruted and the surveyed positions arethe same, the laser analysis is �nished. If the reonstruted and the surveyed posi-tions are di�erent for either Ftp West and/or FtpEast,either the gas temperatureor the gas ompostion is wrong. Run the gasTemp.C maro with delta t0=delta t0,delta gas=delta Temperature=0 to step over a range of gas temperature vs. gasomposition values for Ftp West and/or FtpEast. Then run the gasTemp 2d pos.Cmaros to draw the 2-D temperature vs. ompsition histograms. The orret temper-ature - gas ombination an be read from the UL histogram "Laser I (...,...);nominal11.68m - reonstruted position". Rerun the gasTemp.C maro with delta t0=delta t0,delta gas=0, delta Temperature=determined value. Then rerun the gasTemp 2d pos.Cmaro. It may be neessary to repeat this proess several times before the inner laserbeam is reontruted at the surveyed position. When the orret delta T has beendetermined for both Ftp West and Ftp East, it should be entered into the MySQLo�ine data base in the Calibrations ftp/ftpGas table adjustAverageWest and ad-justAverageEast �elds.
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E Tuning Cluster & Trak Finding ParametersSine the FTPC trak �nding parameters are inuened by the luster quality, it isadvisable to tune the luster and the trak parameters at the same time.On an interative ras mahinestardevmkdir Workd Workvs o StarDb/ftpsetenv DB ACCESS MODE readDownload the most up-to-date ftpClusterGeom tableroot4star -b -q 'Db ReadTable.C("Geometry ftp","ftpClusterGeom","yyyy-mm-dd 00:00:00")where yyyy-mm-dd today's datemv ftpClusterGeom.C StarDb/ftpvs o StRoot/StFtpClusterMakerEdit StRoot/StFtpClusterMaker/StFtpClusterMaker.xx ommenting out the fol-lowing line of ode in the InitRun methodm lustergeo = (St ftpClusterGeom *)dbloal geometry("ftpClusterGeom");and adding the following line of odem lustergeo = (St ftpClusterGeom *)loal("ftpClusterGeom");in the Init method right afterm fastsimpars = (St ftpFastSimPars *)loal("ftpFastSimPars");Then 45



onsTo test di�erent settings of the ftpClusterGeom parameters, edit StarDb/ftp/ftpClusterGeom.CTo test di�erent settings of the trak paramters, edit StarDb/ftp/ftpTrakingPars.CThen run the bf.C maro with the same reonstrution hain and input daq �le youused to obtain the set of referene histograms. When the reonstrution job is om-pleted, produe the new ftp hits and ftp traks histograms and ompare them toyour referene set to see what e�et your parameter hange had.Repeat the proedure until the results are optimal. When tuning is �nished, up-load the new ftpClusterGeom values into the Geometry ftp database with the newtimestamp [6℄ and vs ommit StarDb/ftpTrakingPars.C.
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Referenes[1℄ bf is the TLA (Three Letter Aronym) for big full hain[2℄ For information on the STAR O�ine Database see http://drupal.star.bnl.gov/STAR/omp/db[3℄ For an explanation of the STAR O�ine Database timestamps see http://drupal.star.bnl.gov/STAR/omp/db/how-to-user/timestamps[4℄ The standard reonstrution hain hanges from run year to run year. Ask Lidiaor Jerome for the urrent hain options. When FTPC data is reonstruted withthe standard hain, the event vertex is reonstruted from the TPC data and anbe used in the StFtpTrakMaker.[5℄ For an explanation on how to run the FTPC NoiseFinder programs see http://www.star.bnl.gov/publi/ftp/Software/Calibration/NoiseFinder.html[6℄ To use the FTPC o�ine database maros, add$(STAR)/StRoot/StFtpCalibMaker/marosto the 'Root.MaroPath in your .rootr �le. For a desription of the marossee:http://www.star.bnl.gov/publi/ftp/Software/Calibration/FtpOfflineDatabaseMaros.html[7℄ The maros bfread hist to p.C and bfread hist �les add.C are loated in$STAR/StRoot/maros/analysisEither opy the bfread hist to p.C maro into your working diretory and editthe ommand line arguments for the hit and the trak histograms respetively -47



MainFile = \*.hist.root"MakerHistDir = \ftp hits" or \ftp traks"psFile = \ftp hits.ps" or \ftp traks.ps"PrintList = \Ftp"and the issue the ommandroot4star -b -q bfread hist to ps.COR issue the ommands diretlyroot4star -b -q 'bfread hist to p.C("*.hist.root", "ftp hits", "bfTree","ftp hits.ps", "", "Ftp")'orroot4star -b -q 'bfread hist to ps.C("*.hist.root", "ftp traks", "bfTree","ftp traks.ps", "", "Ftp")'[8℄ For reonstruting Ftp laser traks only a redued set of hain options are ne-essary.root4star -b -q 'bf.C(2,200,"fdbg aser ftp db globT detDb tpDb dbutil in dstevent","/�lediretory/�lename.daq")'[9℄ debug.ini has one line and three options, '�lename drawluterhisto drawver-texhisto'. The '�lename' relates to the name of the laser output �le. For ex-ample, if \�lename" = \laser test", the laser output �le will have the name\run xxxxxxx laser test.root", where \xxxxxxx" is the spei� run number. Theags for \drawluterhisto" or \drawvertexhisto" are either 0 (do not write his-tograms to *.root �le) or 1 (write histograms to *.root �le)
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[10℄ The omplete set of drift maps (FF,HF,ZF,RHF,RFF) for 50.0%Ar-50%CO2 and for 50.3%Ar-49.7%CO2 are stored on AFS in/afs/rhi.bnl.gov/star/users/js/publi/DriftMaps.[11℄ A perfet gain table is stored on AFS in/afs/rhi.bnl.gov/star/users/js/publi/PerfetGainTable[12℄ If the laserTZero value must be hanged to reonstrut the outer parallel laserbeam at the orret position, this value must be updated in the MySQL o�inedatabase table Calibrations ftp/ftpEletronins.
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